Abstract: Homicide-suicides or "dyadic deaths" refer to a homicide followed by the suicide of the perpetrator within 1 week of the homicide. A unique subset is filicide-suicide: a parent kills his/her child before committing suicide. Shooting is the preferred method for both the homicide and suicide. The perpetrator has depression in most cases.
H omicide-suicides or "dyadic deaths" occur when an individual commits a homicide and subsequently commits suicide within 1 week of the homicide. [1] [2] [3] [4] Homicide-suicide has an annual incidence of 0.2 to 0.3 per 100,000 person-years and accounts for approximately 1000 to 1500 deaths annually in the United States. 4 Data from the United States and abroad suggest that jurisdictions with higher homicide rates also record an elevated rate of homicide-suicide. 5, 6 In addition, the countries with a higher rate of homicide-suicide are those in which there is a high percentage of fatalities with firearms. 7, 8 Marzuk and colleagues 4 classified the type of relationship in homicide-suicide as follows: (1) spousal or consortial; (2) familial; and (3) extrafamilial. The most common motives include (1) amorous jealousy (one half to three quarters of homicide-suicides in the United States); (2) mercy killing (due to declining health of victim or perpetrator; (3) altruistic or extended suicides; and (4) financial or social stressors. 4 Hanzlick and Koponen 9 have proposed an updated typology for the classification of homicidesuicide that permits more meticulous definitions of terminology.
Several studies in the literature have addressed the unsettling occurrence of homicide-suicide. 2, 3, 6, [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] The most common type is spousal killing: a man kills his wife as a result of the breakdown of their relationship with subsequent jealousy and rage. 2, 3, 6, [10] [11] [12] [13] [14] [15] [16] [17] 19 Shooting is the preferred method in both the homicidal and suicidal acts within a homicide-suicide. 2, 5, 6, [8] [9] [10] [12] [13] [14] 16, 19 Depression is the leading mental illness affecting perpetrators of murder-suicide. [12] [13] [14] [15] [16] A frequently encountered and distinct type of homicidesuicide is that of the killing of the children by a parent, which may represent a sense of "deluded altruism." 4, 5 Approximately 16% to 29% of mothers and 40% to 60% of fathers commit suicide after killing their children. 4 Male killers who kill their entire family including the family pet have been termed "family annihilators." [3] [4] [5] 15 We report 3 cases of filicide-suicide, and discuss the common underlying motives for these events and offer prevention strategies from a psychiatric, social, and legal perspective.
CASE 1: MOTHER AND SON (FILICIDE-SUICIDE BY FIREARMS) Case History
A 10-year-old Caucasian boy was discovered in a motel with 3 truncal shotgun wounds inflicted by his 36-year-old mother. His mother had been diagnosed with schizophrenia and bipolar disorder. The coroner's investigation uncovered that the mother was dedicated to her son and had designed a classroom to homeschool him. The mother was divorced from his father. Although remarried, the father persisted in controlling his ex-wife by forcing her to stop eating and convincing her to discontinue her psychiatric medications.
The boy's mother had planned the lethal event for an extended period. She took her son to go hunting 3 weeks before the killings and brought blankets, items for a picnic, and a shotgun. The mother test-fired the gun during this excursion. The mother bought another shotgun at a pawn shop. The mother and her son were dropped off at a motel by a taxi on the fatal day. Investigators determined that the mother had stood at the foot of the bed and fired 3 rounds into her son. She subsequently reloaded the gun and committed suicide by a contact shotgun wound of the trunk. There was no evidence of a struggle, and a note was found at the scene. The motel door was locked from the inside.
Autopsy Findings and Postmortem Toxicology
The boy was a well-nourished but thin child whose appearance was smaller for the given age of 10 years. He measured 4 f. 4½ in (133 cm) and weighed 64 lb (29 kg) . The autopsy revealed evidence of 3 close-range shotgun wounds of the trunk (Fig. 1, A and B). There were 2 coalescing shotgun wounds of the left trunk just medial and below the nipple. The third wound was located in the left upper abdominal quadrant and left lower chest. Postmortem blood toxicology was positive for diphenhydramine (8 mg/L). Urine and vitreous toxicology were negative. The cause of death was shotgun wounds of the trunk with visceral skeletal perforation. The manner of death was homicide.
The mother was a 36-year-old woman with a slightly thin build. She measured 5 f. 3½ in (161 cm) and weighed 119 lb (53 kg). At autopsy, there was a single contact shotgun wound of the left chest. Postmortem blood, urine, and vitreous toxicology were negative. The cause of the death was a shotgun wound of the trunk with skeletal and visceral injuries, and the manner was suicide.
CASE 2: FATHER AND SON (FILICIDE-SUICIDE BY FIREARMS)
Case History A 9-month-old Caucasian infant boy was found in an overturned motor vehicle after being shot multiple times by his 46-year-old father with 0.32-caliber handgun. The father subsequently shot himself in the head with a 12-G shotgun and was also discovered in the vehicle. Law enforcement had issued an Amber Alert (child abduction alert system) to search for the infant. The police chased the father through multiple counties after which the father drove off the road. His car landed down an embankment in a ravine and flipped over. The investigators determined that the father had been involved in a childsupport dispute with the infant's mother and that he had a history of alcohol-fueled rampages and threatening behavior. The father was divorced after a long-term marriage after which he fathered the infant whom he killed. He subsequently remarried his first wife. Furthermore, investigators discovered that the father had yearned to spend more time with his son and was prevented from doing so by the infant's mother.
Autopsy Findings and Postmortem Toxicology
The infant was a normally developed male of 9 months. He weighed 27 lb 6 oz (12 kg) and had a crown-heel length of 29¾ in (76 cm). He had sustained 4 perforating and penetrating gunshot wounds, respectively, of the head and chest: (1) upper midline forehead; (2) left periorbital face; (3) inferior left posterior cheek at the mandibular angle; and (4) upper inner left mammary quadrant (Fig. 2, A and B) . The cause of death was projectile perforations of the brain, cervical spinal cord, heart, and right lung, and the manner was homicide.
The father was an obese male measuring 5 f. 7¼ in (170 cm) and weighing 207 lb (body mass index [BMI = individual's body mass divided by the square of their height in metric units]: 30 kg/m 2 ) (93 kg). He sustained a contact perforating shotgun wound of the mouth. There was subtotal traumatic expulsion of the brain with approximately 800 g of cerebral matter recovered at the scene. He was intoxicated; blood ethanol was 0.176 g/100 mL. The cause of death was craniofacial comminution with traumatic expulsion of the brain due to an intraoral gunshot wound, and the manner was suicide.
CASE 3: FATHER AND DAUGHTER (FILICIDE-SUICIDE BY CARBON MONOXIDE INTOXICATION) Case History
A 13-year-old Caucasian adolescent girl was found in a prone position on a mattress beside her 43-year-old father in the family's enclosed garage. Their bodies were discovered next to a motor vehicle with an empty gas tank and a nonfunctional battery. The father had been going through a divorce, and his wife had moved out of their home. He had also been experiencing financial problems. He had 2 other children who were in the custody of friends before the incident. The investigation determined that the deceased daughter had Angelman syndrome characterized by mental retardation and dependency necessitating a feeding gastrostomy. 
Autopsy Findings and Postmortem Toxicology
The girl was a well-nourished, slightly thin-built child who appeared smaller than the given age of 13 years. She measured 4 f. 2½ in (128 cm) and weighed 58 lb (26 kg). Her short stature in conjunction with extended ankles, an asymmetrical skull, and prognathism with minimal maxillary hypoplasia were noted as characteristics features of Angelman syndrome (Fig. 3) . She had cherry red lividity of the skin, viscera, and blood as well as petechiae of the thymus and heart (Fig. 4, A and B) . The postmortem blood CO saturation was 75% total Hb. The vitreous toxicology was negative.
The cause of death was asphyxia due to CO intoxication with a contributory cause of positional asphyxia due to the prone position of the body on the mattress. The manner of death was homicide.
The father was a well-developed, nearly morbidly obese male measuring 69 in (175 cm) and 269 lb (BMI, 39.7 kg/m 2 ) (122 kg). He had evidence of cherry-red lividity of the skin, viscera, and blood as well as bilateral pulmonary congestion and edema with intra-alveolar hemorrhage (lung weights: 1370 g, combined). Atherosclerotic and hypertensive cardiovascular disease was evident.
The postmortem blood CO saturation was 66% total Hb. Vitreous toxicology was negative.
The cause of death was asphyxia due to CO intoxication. The manner of death was suicide.
DISCUSSION
Although several studies in the literature have discussed maternal and paternal child homicide, [20] [21] [22] [23] [24] [25] [26] a paucity of studies have addressed the phenomenon of filicide-suicide (Table 1) . 16, [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] Perpetrators of filicide are more likely to commit suicide than those who kill adults. 20 In addition, a parent who wants to commit filicide-suicide will do so using a firearm compared to a different method. 20 Resnick 37 categorized parental filicide by the presumed motive: (1) altruistic (often associated with suicide to relieve suffering); (2) acutely psychotic; (3) unwanted child; (4) accidental; and (5) spouse revenge. After the "altruistic" and "acutely psychotic" filicides, the parent may feel an immediate relief of tension, which may dissuade the parent from committing suicide. 37 However, the realization of the homicide may spur the perpetrator to take his/her own life.
Hatters Friedman et al 31 conducted a retrospective review of filicide-suicide cases in Cleveland, OH, between 1958 and 2002. The criteria included parents who killed their biological children younger than 18 years and subsequently commit suicide within 24 hours. They identified 30 cases of filicide-suicide with 10 (33%) mothers and 20 (67%) fathers as the perpetrators. Most motives (70%) were altruistic whereby the parents had a desire to minimize the real or imaginary suffering of their children. The most common (73%) method of killing the children was by shooting for both mothers (70%) and fathers (75%), and most parents selected the same method for both homicide and suicide. Most (80%) of the parents had a history of psychiatric contact and/or ongoing symptoms of a mood or thought disorder.
Bourget and Gagne 21 conducted a review (1991-1998) of 34 cases of maternal filicide in Quebec, Canada. Of the 27 mothers in the study, 15 committed suicide after the filicide. A total of 23 (85%) of the mothers had a history of mental illness, including major depressive disorder in 18 women. The most common methods were CO poisoning (8 cases, 23.5%) and firearm (6 cases, 17.6%). Bourget and Gagne 38 also reported 77 cases of paternal filicide between 1991 and 2001 in Quebec, Canada. Filicide was followed by the suicide of the perpetrator in 60% of the cases and in 86% of the cases involving numerous sibling victims. The father killed his spouse in 11 (18%) filicides. The most frequent methods were firearm (26 victims, 34%) and beating (17 victims, 22%). A total of 36 (60%) of 60 fathers experienced severe psychopathology, primarily major depressive disorder (31 men, 52%) and schizophrenia or other psychosis (6 men, 10%).
Byard et al 27 conducted a 29-year (1969-1998) review of murder-suicides involving children in Adelaide, South Australia. Six of the 13 perpetrators were mothers who murdered 9 children and no spouses, whereas 6 fathers killed 13 children and 6 wives. The methods of homicide and suicide were less violent among women (CO poisoning) compared with male perpetrators (shootings).
Several similar factors exist between men and women who commit filicide, including (1) significant life stressors, (2) social isolation and lack of social support, and (3) history of abuse in childhood. 39 In addition, a few features differentiate fathers and mothers who kill their children, specifically (1) fathers rarely commit neonaticide, (2) filicidal fathers are often older, (3) filicidal fathers are more likely to have a history of violence toward their children, and (4) more fathers who commit filicide also commit suicide.
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In their study of the risk factors in filicide-suicide, Shackelford et al 34 reviewed 11,000 homicides in Chicago, IL, between 1870 and 1930. They reported 5 findings that supported the hypothesis of differential risk of filicide-suicide: (1) genetic parents are more likely to commit filicide-suicide compared to stepparents; (2) filicides involving multiple children are more likely to end in the perpetrator's suicide than those with a single victim; (3) parents are more likely to commit suicide after filicide of an older child compared to a younger child; (4) fathers as opposed to mothers are more likely to commit suicide after filicide; and (5) older parents compared to younger parents are more likely to commit suicide after filicide. 34 Of note, infanticidal mothers who committed suicide were significantly older (mean age, 29.5 years) than infanticial mothers who did not commit suicide (mean age, 22.5 years). In addition, infanticidal fathers who committed suicide were significantly older (mean age, 30.5 years) than infanticidal fathers who did not commit suicide (mean age, 25.8 years).
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Caring for a child with a severe medical illness poses a significant burden on a parent. The stress and frustration stemming from this obligation may lead a parent to commit filicide-suicide to relieve the child from his/her constant suffering. Hatters Friedman et al 31 discussed a case in which a parent committed filicidesuicide involving a child with a chronic medical condition after sending her nonimpaired child to stay with a relative before the incident.
Coorg and Tournay 28 conducted a newspaper search using LexisNexis and NewsBank: Access World News databases through the University of California Irvine Library's Website and identified cases of filicide-suicide involving a child aged 18 years or younger with a reported disability or medical illness in the United States between 1982 and 2010. The study included 21 news articles involving 22 disabled children. A total of 82% of the children were male, and 55% of the victims were diagnosed with autism spectrum disorder. The most common cause of filicide was GSW (38% of cases) followed by medication poisoning (24% of cases). Of note, 38% of the perpetrators had been diagnosed with a mental illness, including depression, psychosis, and bipolar disorder. A total of 15 (71%) of 21 perpetrators committed suicide after killing their child, specifically, one half of mothers and 90% of fathers.
The 3 cases presented in this study highlight numerous features associated with filicide-suicide. Similar to previous studies, a firearm was used for both the child's homicide and the perpetrator's suicide in cases 1 and 2. The mother in case 1 used the same gun for both killings, whereas the father in case 2 used 2 separate firearms, specifically, a 0.32-caliber handgun to kill his son and a 12-G shotgun to commit suicide. Although most of the perpetrators of filicide-suicide are evaluated by a mental health professional before the act, only the mother in case 1 had undergone psychiatric treatment and had been diagnosed with schizophrenia and bipolar disorder. Of note, diphenhydramine was detected in the 10-year-old boy's postmortem blood toxicology in case 1, indicating that he may have been drugged before being shot by his mother.
Life stressors were the overriding motive for the filicidesuicide in this study. The mother in case 1 was divorced but continued to be manipulated by her ex-husband, and the father in case 3 was in the midst of a divorce. The father in case 2 was involved in a custody dispute with the mother of his child as he desired to spend more time with the boy.
Initially described in 1965 by the English pediatrician Harry Angelman, Angelman syndrome is also referred to as "Happy Puppet" syndrome and is marked by individuals displaying severe intellectual disability, ataxic gait, impaired expressive language, jerky arm movements, and bouts of inappropriate laughter. 41, 42 Additional features may include microcephaly, seizures, electroencephalographic abnormalities, and hyperactivity. 43 Angelman syndrome is caused by the deletion of chromosome 15q11-a13 inherited from the mother. 44, 45 Interestingly, paternal deletion of the same genetic locus causes Prader-Willi syndrome, marked by hyperphagia and obesity. 44, 46 Wulffaert et al 47 reported the high maternal parenting stress associated with Angelman Syndrome, specifically, in 14/24 (58%) of cases.
Case 3 in the current study shares several characteristics of the cases of filicide-suicide involving a child with a medical illness. Although it was not reported that the child's father experienced a psychiatric disorder, he did have a host of debilitating life stressors, including a child with a severe mental and physical disorder, financial difficulties, and an ongoing divorce. He also transferred custody of his 2 healthy children to another caregiver before committing the filicide-suicide.
CONCLUSIONS
Filicide-suicide warrants a detailed investigation into the family dynamics that may have provoked such an occurrence. Family tensions resulting from divorce, child support or custody battles, financial difficulties, a parent's mental disorder, or a child's medical illness may erupt, and the parent may end his/her child's life followed by suicide. The forensic pathologist plays a valuable role in disseminating the risk factors of filicide-suicide to the medical and legal community. Individuals working in the family court system and in the psychiatric and social work settings should be aware of the heightened volatility associated with divorce and child support issues.
Shooting is the most common method of both the homicide and suicide within a dyadic death in North America and Australia. Positive correlations have been demonstrated between the rates of household gun ownership and the national rates of homicide and proportions of homicides committed using a gun. [48] [49] [50] [51] Decreasing the access to firearms within the home coupled with recognizing the family stressors associated with filicide-suicides may significantly decrease the likelihood of these tragic events.
